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Pharmcaceutically active d1 ketoplperlzlnes 
The present invention relates to compounds useful as 
inhibitors of plasminogen activator inhibitor (PAI) , to 
their preparation and to pharmaceutical and veterinary 
5 compositions containing them. 

Plasminogen activators (PAs) are serine proteases 
which control the activation of the zymogen, plasminogen, 
to the active enzyme plasmin. Plasmin is important in a 
number of physiological and pathological processes 
10 including fibrinolysis, tissue remodelling, tumour growth 
and metastasis. The glycoprotein plasminogen activator 
inhibitor (PAX) is an endogenous fast-acting inhibitor of 
PA activity. PAI is a member of the serpin family and is 
synthesised by a variety of cells including endothelial 
15 cells. An imbalance between PAs and PAI contributes to a 
nximber of pathological conditions including haemostasis, 
inflammation, tumour growth and metastasis. 

The present invention provides the use of a 
diketopiperazine of formula (A) : 

20 



25 




wherein each of to R,q, which may be the same or 
different, is independently selected from hydrogen, C^-C^ 
alkyl unsubstituted or substituted by one or more halogen 
30 atoms, c^-c^ alkoxy, q-c^ alkylthio, halogen, hydroxy, 
nitro, optionally substituted phenyl, cyano, -CHjOH, 
-CHjCOOH, -CO^R", -NHC0R^\ -NHS02R^^ -SO^R^^^ -CON (R^^R^^j ^ 
-SORl^ -S02N(R^V2j^ -N(R^^r12j^ -O (CH2) (R^^R^^ j ^ 

-0(CH2)„C02R^\ -OCOR", -CH20C0R^\ -CH2NHC0R^\ -CH2NHCOOR", 
35 -CH2SR^\ -CH2SC0R^\ -CH2S(0)„r" wherein m is 1 or 2 , 

-CH2NHCO(CH2)^C02R^\ -N{R^^)COR^2^ -NHCOCF3 , ^NHCO (CH2) ^C02R^\ 
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-NHCO(CH2)^OCOR^^ and -NHCO (CHj) ^OR^^ wherein n is 0 or is an 
integer of from 1 to 6, each of R^'' and R^^ is independently 
H or C^-C^ alkyl and R^^ is C^~c^ alkyl; or any of R^ and R^, 
R2 and R3, R3 and R^ and R^ and R^, or R^ and R^, R^ and Rg, R^ 
5 and and R^ and R^^, form together with the carbon atoms 
to which they are attached a benzene ring which is 
optionally substituted; or a pharmaceutically acceptable 
salt or ester thereof; in the manufacture of a medicament 
for use as an inhibitor of plasminogen activator inhibitor. 

10 The numerals 1 to 10 denote ring positions on the 

phenyl groups in formula A, The letters a and b refer to 
the two phenyl rings themselves. 

When any two adjacent groups of R^ to R,q form, 
together with the carbon atoms to which they are attached, 

15 a benzene ring, that ring is either unsubstituted or it may 
be substituted by any of the options specified above for R^ 
to R,Q. The benzene ring forms, together with ring a or b 
respectively, an optionally substituted naphthalene ring 
structure . 

20 When ring a or b is substituted phenyl, the benzene 

ring may be substituted at any of the ortho, meta and para 
positions by one or more substituents , for example one, two 
or three substituents, which may be the same or different, 
independently selected from the groups specified above for 

25 R^ to R^Q other than hydrogen. 

A C,-C^ alkyl group is typically a C^-c^ alkyl group, 
for example a methyl, ethyl, propyl, i-propyl, n-butyl, 
sec-butyl or tert-butyl group. A halogen is, for example, 
fluorine, chlorine, bromine or iodine. A C^-C^ alkyl group 

3 0 substituted by halogen may be substituted by l , 2 or 3 

halogen atoms. It may be a perhaloalkyl group, for example 
trif luoromethyl . 

A C^-C^ alkoxy group is typically a C^-C^ alkoxy 
group, for example a methoxy, ethoxy, propoxy, i-propoxy, 

35 n-butoxy, sec-butoxy or tert-butoxy group. A C^-C^ 

alkylthio group is typically a a-C^ alkylthio group, for 
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- 3 - 



10 



example methylthio, ethylthio, propylthio, i-propylthio, n- 
butylthio, sec-butyl thio or tert-butylthio . 

In compounds of formula A free rotation may occur at 
room temperature about the single bonds connecting rings a 
and b to the double bonds at positions 3 and 6 of the 
pipera2ine-2 , 5-dione ring. Positions 2 and 6, and 
positions 3 and 5, in both rings a and b can therefore be 
considered as equivalent. As a consequence the following 
pairs of substituents can be viewed as interchangeable: 
and Rj; and R^; R^ and R,^; and R^. and R,. 

Preferably one of rings a and b is unsubstituted or 
is mono-substituted whilst the other ring is unsubstituted 
or is substituted at one or more of positions 2 to 6. The 
ring which is mono-substituted may carry the substituent at 
15 any one of positions 2 to 6, for instance position 3 or 4 , 
especially position 4. Thus for instance, when ring b is 
mono-substituted, one of to R,£, is other than hydrogen, 
preferably R,, or R^, especially Rg. When ring a is mono- 
substituted, one of R, to R5 is other than hydrogen, 
20 preferably Rj or R3, especially R3. When one of rings a and 
b is mono-substituted the substituent R, to R,, or R^ to R,^ 
respectively, is preferably selected from a halogen, for 
instance fluorine; an alkoxy group, for instance OMe; and 
an acetamido group -NHAc in which Ac denotes acetyl. 
25 When one of rings a and b is unsubstituted, or is ~ 

mono-substituted as described in the above paragraph, the 
other ring may bear any desired substitution pattern. For 
instance, the other ring may be unsubstituted or may be 
mono-, di- or tri-substituted at any of positions 2 to 6. 

The said other ring may, for instance, be mono- 
substituted at any of positions 2 to 6. It may also be 
2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5- disubstituted , or 
2,3,4-, 2,3,5-, 2,3,6- or 3 , 4 , 5-trisubstituted . Thus, when 
the said other ring is a and is mono-substituted, four of 
35 R, to R5 are hydrogen and one is other than hydrogen. When 
the said other ring is ring a and is disubstituted, three 



30 
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- 4 - 

Of to R5 are hydrogen and two are other than hydrogen. 
For example R, and Rj, or R, and R3, or R, and R^, or R^ and 
R5, or R2 and R3, or R2 and R^ are other than hydrogen 
whilst, in each case, the other three of R, to R5 are 
hydrogen. 

When the said other ring is ring a and is 
trisubstituted, two of R, to Rj are hydrogen and three are 
other than hydrogen. For example, R,, and R3, or R,, 
and R^, or R, , and R5, or R2, R3 and R^ are other than 
hydrogen whilst, in each case, the other two of R, to Rj 
are hydrogen - 

When the said ring is b and is mono-substituted, four 
of R^ to R,o are hydrogen and one is other than hydrogen. 
When the said other ring is b and is di-substituted, three 

15 of R^ to R,o are hydrogen and two are other than hydrogen. 
For example R^ and R^, or R^ and R^, or R^ and R,, or R^ and 
Rio» or Ry, and Rj, or R^. and R,, are other than hydrogen 
whilst, in each case, the other three of R^ to R^^ are 
hydrogen. When the said other ring is b and is 

20 trisubstituted, two of R^ to R,^ are hydrogen and three are 
other than hydrogen. For example R^, R^ and R^, or R^, R^ 
and R,, or R^, R^ and R^^, or R,., Rg and R, are other than 
hydrogen whilst, in each case, the other two of R^ to R„ 
are hydrogen. 

25 Alternatively, any two adjacent substituents in the~ 

said other ring may, together with the carbon atoms to 
which they are attached, complete a second benzene ring 
which is optionally substituted, thus forming an optionally 
substituted naphthyl group with the said other ring. For 

30 instance, in ring a R, and Rj, or R^ and R3 may form 
together with carbon atoms 2 and 3 , or 3 and 4 
respectively, an optionally substituted benzene ring which, 
in turn, forms with ring a a naphthyl group which is 
unsubstituted or substituted by one or more groups 

35 specified above for R, to R„. m ring b R^ and R^, or R^ 
and Rg may form, together with carbon atoms 2 and 3 or 3 
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and 4 respectively, an optionally substituted benzene ring 
which, in turn, forms with ring b a naphthyl group which is 
unsubstituted or substituted by one or more groups 
specified above for to R,^. Typically the naphthyl group 
5 in either case is unstibstituted or is monosubstituted at 
position 1,2,3 or 4 of the naphthalene ring structure, 
especially position 4. For example R, and Rg together with 
ring a, or R^ and R^ with ring fe, form a 4-dimethylamino-l- 
naphthy 1 group . 

10 a preferred series of compounds of formula A each 

of to R^Q is hydrogen. In another preferred series of 
compounds, one of R^ to r^q is selected from alkoxy, NHCOR" 
and halogen and the other four of R^ to R^^ are H. Alkoxy 
may be, for instance, OMe or OBu". NHCOR^^ is typically - 

15 NHAc. Halogen is typically F or CI. Preferably Rg is 

alkoxy, especially OMe or OBu"; NHCOR^\ especially -NHAc; 
or halogen, especially F or CI; and each of R^, R^, R^ and 
R^o is H. 

In the above-mentioned series of preferred compounds 

20 R^ to R5 are all hydrogen, or one or two of R^ to R^ are 
other than hydrogen whilst the others are hydrogen. For 
instance one of R^, R2 and R3 is other than hydrogen. 
Alternatively R^ and R3, or and R3, are other than 
hydrogen. Preferred values for the one or two of R^ to R5 

25 which is or are other than hydrogen include alkoxy such as 
OMe or OBu", halogen such as CI or F, hydroxy, -N(R^^R^2j^ 
'C0^R'\ -CH2SCOR^^ -CH2SR^\ -NHC0R1\ "O {CH2) (R^^R^^) , 
-0(CH2)„C02R^\ -CH2NHCO(CH2)„C02R^\ -NHCOCHjOR^^ 
-NHCO(CH2)„OCOR^\ -CH2NHCOOR^2 and CF3. It is also preferred 

30 for R, and R2, Rg and R3, R3 and R^ or R^ and R^ to form, 

together with the carbon atoms to which they are attached, 
a benzene ring. 

^Particularly preferred compounds are those wherein 
^6' ^7' ^ and R,Q are each H, Rg is selected from H, OMe and 

35 -NHAc and each of R^ to R5 is as specified above. In these 
preferred compounds R^ to R^ are preferably each 
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independently selected from H, halogen, hydroxy, C^-C^ 
alkoxy, nitro, -CH2SCOR", -CHjSR", -C02R^\ -OCOR", CFj, 
-0(CH2)„N(R"r12) ^ -0(CH2)„C02R^\ -CHjNHCO ( CHj ) „C02R" , 
-NHC0(CH2)„0R1\ -N(R"r"), -NHC0(CH2)„0C0R^\ -NHC0(CH2)^C02R" 
5 and -CHjNHCOjR" or R, and Rj, ^nd R3, R3 and R^, or R^ and 
R5, form with the carbon atoms to which they are attached 
an optionally sxibstituted benzene ring. Still more 
preferably, R, and R2 are independently H, nitro or 
halogen, R3 is H, hydroxy, -0(CH2)nN(R"R^2j ^ -OCOR", 

10 -0(CH2)nC02R", -CH2NHC0(CH2)„C02R", c,-c^ alkoxy, 

-NHC0(CH2)„0R", -NHC0(CH2)„0C0R", "N(r"r^2j^ -CH2NHCO2R", 
-CHjSr" or -NHC0R'\- R4 is H, halogen, 0,-0^ alkoxy, 
-CH2SCOR", -CHjSr" or -COjR"; and R5 is H, nitro or halogen; 
or Rj and R3, R3 and R^ or R^ and R, form, together with the 

15 carbon atoms to which they are attached, an optionally 
substituted benzene ring. 

In one embodiment Rg is NHAc, each of R^, R^, r^ and 
Rio is H; R, is H or halogen such as ci or F; Rj is H, R3 is 
halogen such as F or CI, C^-C^ alkoxy such as OMe, -N(R"r'2) 

20 such as NMe2 or -NHCOOR" such as -NHCOOBu*; R^ is H and Rj 
is halogen such as F, CI, Br, or is CF3. 

In a second embodiment Rg is OMe, each of R^, R^, R^ 
and R,j, is H; R^ is H, nitro or halogen such as CI; R^ is H; 
R3 is H, hydroxy, -OCOR^^ such as OAc, -NHC0(CH2)„0C0R" such 

25 as -NHCOCHjOAc or -NHCOCHjOR" such as -NHCOCHjOH? R^ is H 
and R5 is H or halogen such as F or CI; or R2 and R3 form a 
benzene ring together with the carbon atoms to which they 
are attached. 

In a third embodiment each of R, , R^, r^, r^, and 

30 R,o is H; R2 is H and R3 is -CHjSR^^ such as -CHjSMe, 
-CH2SCOR" such as -CHjSAc, -NHC0(CH2)„C02R" such as 
-NHCO(CH2)3C02Me, -0{CH2)„C02R" such as -O (CH2) 4CO2H, 
-0(CH2)N(R"r12j g^^jj -0(CH2)3-NMe2, or -N(r"r12) such as 
-NMej or R2 is -CH2SCOR" such as -CHjSAc or -CH2SR" such as 

35 -CH2SH and R3 is H; and R^ and R5 are both H or both form, 
together with the carbon atoms to which they are attached. 
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a benzene ring. 

In one embodiment of the invention the compound of 
formula A is the following compound 3: 

0 



5 




0 



Certain diketopiperazines have been disclosed as 

10 having utility as bioactive agents. Yokoi et al in J. 
Antibiotics vol XLI No. 4, pp 494-501 (1988) describe 
structure-cytotoxicity relationship studies on a series of 
diketopiperazines related to neihumicin, a compound 
obtained from the micro-organism Micromonospora neihuensis. 

15 Kamei et al in J. Antibiotics vol XLI I I No. 8, 1018-1020 
disclose that two diketopiperazines, designated 
piperafizines A and B, have utility as potentiators of the 
cytotoxicity of vincristine. 

General formula A embraces diketopiperazines which 

20 are novel. Accordingly, the present invention provides a 
diketopiperazine of formula (A) as defined above, or a 
pharmaceutically acceptable salt or ester thereof; with the 
exception of compounds wherein: 

(i) each of to R^^^ is H; 

2^ (ii) Ri and R^ are both CI and the rest of to R,q 

are H; R2 and R^ are both CI and the rest of R, to R^^ are H; 
R3 and Rg are both Me and the rest of R^ to R^q are H; R^, 
R5, Rj and R^q are all Me and the rest of R^ to R^^ are H; R^, 
R3' ^ and R^ are all OMe and R^ , R^, R^ and R,q are H; 

^0 (iii) Rg is OMe and the rest of R^ to R^^ are H; and 

(iv) 3-p-nitrobenzylidene-6-benzylidene-2 , 5- 
piperazinedione and 3 , 6-di-p-nitrobenzylidene-2 , 5- 
piperazinedione. 

Examples of specific compounds of formula A are as 

35 follows. The compound numbering is adhered to in the rest 
of the specification: 
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(3Z , 6Z , ) -6-benylidene-3- {4-methoxybenzylidene) -2 , 5- 
piperazinedione (compound 3) 

( 3Z , 6Z ) -6-Benzylidene-3- ( 2 , 6-dichlorobenzylidene) -2 , 5- 
piperazinedione (compound 21) 
5 (3Z , 6Z) -3- (4-Acetoxybenzylidene) -6-benzylidene-2 , 5- 
piperazinedione (compound 23) 

(3Z, 6Z) -6-Benzylidene-3- (4-nitrobenzylidene) -2 , 5- 
piperazinedione (compound 74) 

3 ^ 6-Dibenzylidene-2 , 5-piperazinedione (compound 22 ) 
10 (mixture of isomers) 

(3Z, 6Z) -6-Benzylidene-3- (3-nit:robenzylidene) -2 , 5- 
piperazinedione (compound 24) 

(3Z , 6Z) -6-Benzylidene-3- (2-nitrobenzylidene) -2 , 5- 
piperazinedione (compound 65) 
15 (3Z , 6Z) -6-Benzylidene-3- (4-ethoxybenzylidene) -2 , 5- 
piperazinedione (compound 25) 

(3Z , 6Z) -6-Benzylidene-3- (4-cyanobenzylidene) -2 , 5- 
piperazinedione (compound 105) 

(3Z , 6Z) -3- (4-Aminobenzylidene) -6-benzylidene-2 , 5- 
20 piperazinedione (compound 3 0) 

(3Z,6Z)-3-(3 -Acet oxybenzy 1 idene ) - 6 -benzyl idene- 2 , 5 - 
piperazinedione (compound 31) 

(3Z , 6Z) -3- (2-Acetoxybenzylidene) -6-benzylidene-2 , 5- 
piperazinedione (compound 32) 
25 (3Z , 6Z) -6-Benzylidene-3- (3-hydroxybenzylidene) -2 , 5- 
piperazinedione (compound 33) 

(3Z , 6Z) -3- (4-Acet:amidobenzylidene) -6-benzylidene-2 , 5- 
piperazinedione (compound 34) 

(3Z , 6Z) -3- (2-Acetamidobenzylidene) -6-benzylidene-2 , 5- 
30 piperazinedione (compound 38) 

(3Z, 6Z) -3-{2-Aminobenzylidene) -6-benzylidene-2 , 5- 
piperazinedione (compound 39) 

(3Z , 6Z) -3- (4-Acetoxymethylbenzylidene) -6-benzylidene-2 , 5- 
piperazinedione (compound 43) 
35 (3Z , 6Z) -3- (4-Acetamidomethylbenzylidene) -6-benzylidene-2 , 5- 
piperazinedione (compound 44) 
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(32, 6Z) -3 , 6-Dibenzylidene-2 , S-piperazinedione (compound 45) 
(3Z , 6Z) -6-Ben2ylidene-3- (4-butoxyben2ylidene) -2 , 5- 
piperazinedione (compound 48) 

(32 , 62) -6-Ben2ylidene-3- (4-tert-but.ylbenzylidene) -2 , 5- 
5 piperazinedione (compound 51) 

(32 , 62) -6-Benzylidene-3- (4-isopropoxybenzylidene) -2 , 5- 
piperazinedione (compound 52) 

(32, 62) -6-Benzylidene-3- (2 ,4-dif luorobenzylidene) -2 , 5- 
piperazinedione (compound 54) 
10 (32 , 62) -6-Benzylidene-3- (2-bromobenzylidene) -2 , 5- 
piperazinedione (compound 55) 

(32 , 62) -6-Benzylidene-3- (4-methylthiomethylbenzylidene) - 
2 , 5-piperazinedione (compound 59) 

( 32 , 62) -6-Benzylidene-3- ( 3-thioacetoxymet:hylbenzylidene) - 
15 2,5-piperazinedione (compound 61) 

3~ ( (32 , 62) -6-Benzylidene-2 , 5-dioxopiperazin-3- 
ylidene)methylbenzoic acid, methyl ester (compound 62) 

(32, 62) -6-Ben2ylidene-3-(3-mercaptomethylbenzylidene) -2 , 5- 
piperazinedione (compound 64) 
20 (32,62) -6-Benzyl idene-3 - ( 4 - tert - 

butoxycarbonylaminobenzylidene) -2 , 5-piperazinedione 

(compound 66) 

(32 , 62) -6-Benzylidene-3- (4- (3-N,N-dimethylaminopropoxy) 
benzylidene)-2,5-piperazinedione (compound 75) 

25 (32, 62)-6-Benzylidene-3-(4-thioacetoxymethylbenzylidene)- 
2 , 5-piperazinedione (compound 76) 

(32 , 62) -6-Benzyl idene-3- (2-chloro-4-hydroxyben2ylidene) - 
2 , 5-piperazinedione (compound 85) 

( 32 , 62) -6-Ben2ylidene-3- ( 3 , 4-dimethoxybenzylidene) -2 , 5- 
3 0 piperazinedione (compound 90) 

4-[ (32 , 62) -6-Benzylidene-2 , 5-dioxopiperazin-3- 
ylidene]methylphenoxyacetic acid, methyl ester (compound 
93) 

4- (4- [ (32 , 62) -6-Benzylidene-2 , 5-dioxopiperazin-3- 
35 ylidene]methylbenzylcarbamoyl) butanoic acid, methyl ester 
(compound 94) 
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4- (4-( (32, 6Z) -6-Ben2ylidene-2 ,5-dioxopiperazin-3- 
ylidene)lnethylbenzylcarbalnoyl)pentanoic acid, methyl ester 
(compound 95) 

5- [4-((32,62) -e-Benzy 1 idene-2 , 5-dioxopiperaz in--3 - 
5 ylidene)methylphenoxy]pentanoic acid, methyl ester 

(compound 96) 

5-[4-( (3Z, 62) -6-Benzylidene-2 , 5-dioxopiperazin-3- 
ylidene)methylphenoxy]pentanoic acid (compound 97) 
( 3 2 , 6Z ) -6-Benzyl idene-3 - ( 4 - ( 2 -N , N- 

10 dimethylaminoethoxy) benzyl idene) -2 , 5-piperazinedione, 
hydrochloride (compound 99) 
(32, 62) -6-Benzylidene-3~(4-(2-N,N- 
dimethylaminoethoxy) benzylidene) -2 , 5-piperazinedione 
(compound 102) 

15 4-[ (32, 62) -6-Benzylidene-2 , 5-dioxopiperazin-3- 
yl idene ]methylphenoxy acetic acid (compound 101) 
(32,62)-3-(4 -Acetamidoben zy 1 idene ) - 6 - ( 4 - 
methoxybenzyl idene) -2 , 5-piperazinedione (compound 26) 
(32 , 62) -6- (4-Methoxybenzylidene) -3- (2-nitrobenzylidene) - 

20 2 , 5-piperazinedione (compound 28) 

(32 , 62 ) -3- (2 , 6-Dichlorobenzylidene) -6- (4- 
methoxybenzyl idene) -2 , 5-piperazinedione (compound 29 ) 
(32 , 62) -3- (4-Hydroxybenzylidene) -6- (4-methoxybenzylidene) - 
2 , 5-piperazinedione (compound 36) 

25 (32 , 62) -3- (4-Acetoxybenzylidene) -6- (4-methoxybenzylidene) - 
2 , 5-piperazinedione (compound 37) 
(32,62)-3-(4 -Methoxybenzyl idene ) -6- ( 4 -li- 
methylacetamidobenzylidene) -2 , 5-piperazinedione (compound 
41) 

30 (32,62)-3-(4 -Methoxybenzyl idene ) -6- ( 4 - 

methylsulf onylbenzylidene) -2 , 5-piperazinedione (compound 
46) 

(32 , 62) -3- (4-Butoxybenzylidene) -6- (4-methoxybenzylidene) - 
2 , 5-piperazinedione (compound 47 ) 
3 5 (32, 62) -3-(4-^'sopropoxybenzylidene) -6-(4- 

methoxybenzyl idene) -2 , 5-piperazinedione (compound 49) 
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(3Z , 6Z) -3- (4-methoxyben2ylidene) -6- (4-tert- 
butylbenzylidene) -2 , 5-piperazinedione (compound 50) 
(3Z,6Z)-3-(2 -Bromobenzy 1 idene ) -6 - { 4 -xnethoxybenzyl idene ) - 
2 , 5-piperazinedione (compound 53) 
5 (3Z , 6Z ) - ( 4-Methoxybenzylidene) -6- (4-tert- 
butoxycarbonylaminomethylbenzylidene) -2 , 5-piperazinedione 
(compound 56) 

(32 , 62) -3- (4-Methoxybenzylidene) -6- (4- 

methylthiomethylbenzyl idene) -2 , 5-piperazinedione (compound 
10 57) 

(32,6Z)-3-(4 -Methoxyben zy 1 idene ) - 6 - ( 4 - 

methylsulfonylmethylbenzyl idene) -2 , 5-piperazinedione 
(compound 60) 

(32,6Z)-3-(4 -Methoxybenzy 1 idene ) - 6 - ( 3 - 

15 thioacetoxymethylbenzyl idene) -2 , 5-piperazinedione (compound 
63) 

(32 , 62) -3- (4-Aminomethylbenzylidene) -6- (4- 
methoxybenzyl idene) -2 , 5-piperazinedione (compound 67) 
(32 , 62) -3- (2 , 4-Dif luorobenzylidene) -6- (4- 
20 methoxybenzy 1 idene) -2 , 5-piperazinedione (compound 69 ) 
(32,62)-3-(4 -Me thoxybenzy 1 idene ) - 6 - ( 2 - 

trif luoromethylbenzylidene) -2 , 5-piperazinedione (compound 
70) 

(3Z,62)-3-(2, 4-Dimethoxybenzylidene) -6- (4- 
25 methoxybenzy 1 idene) -2 , 5-piperazinedione (compound 73 ) 

4- [ (32 , 6Z) -6- (4-Methoxybenzylidene) -2 , 5-dioxopiperazin-3- 
ylidene] methylbenzamide (compound 80) 
(3Z,6Z)-3-(4 -Methoxybenzy 1 idene ) -6- ( 4 - 

trimethylacetoxybenzyl idene) -2 , 5-piperazinedione (compound 
30 81) 

( 3 Z, 6Z) -3- (4-Methoxybenzylidene) -6-(4- 

methoxycarbonylaminobenzyl idene) -2 , 5-piperazinedione 
(compound 83) 

(3Z , 62) -3- (2-Chloro-4-hydroxybenzylidene) -6- (4- 
35 methoxybenzylidene) -2, 5-piperazinedione (compound 84) 
(32 , 62) -3- (4-Acetoxyacetylaminobenzylidene) -6- (4- 
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methoxybenzylidene) -2 , 5-piperazinedione (compound 87) 
(3Z, 6Z) -3- (3 , A-Dimethoxybenzylidene) -6-- (4- 
methoxybenzylidene) -2 , 5-piperazinedione (compound 91) 
4-( (3Z, 6Z) -6- (4 -Methoxybenzylidene) -2 , 5-dioxopiperazin-3- 
5 ylidene) -4-methylbenzylcarbamoyl)butanoic acid, methyl 
ester (compound 100) 

(3Z , 6Z) -3- (4 -Methoxybenzylidene) -6- (2-naphthylmethylene) - 
2,5-pipera2inedione (compound 27) 

{3Z , 6Z) -3- (4-Hydroxyacetylaminobenzylidene) -6- (4- 
10 methoxybenzylidene) -2, 5-piperazinedione (compound 88) 
(3Z , 6Z) -3- (4-Acetamidobenzylidene) -6-benzylidene-2 , 5- 
piperazinedione (compound 34) 

(3Z , 6Z) -3 , 6-Di- (3-Nitrobenzylidene) -2 , 5-piperazinedione 

(compound 35) 
15 (3Z , 6Z) -3- (4-Acetamidobenzylidene) -6- (2 , 6- 

dichlorobenzylidene) -2 , 5-piperazinedione (compound 40) 

(3Z,6Z)-3-(4 -Acet amidobenzy 1 idene ) - 6 - ( 4 -chl orobenzy 1 idene ) - 

2, 5-piperazinedione (compound 42) 

(3Z, 6Z) -3- (4-Acetamidobenzylidene) -6-(4- 
20 acetoxymethylbenzyl idene) -2 , 5-piperazinedione (compound 58 ) 

(3Z, 6Z) -3- (4-Acetamidobenzylidene) -6-(2-f luorobenzylidene) - 

2, 5-piperazinedione (compound 71) 

(3Z, 6Z) "3- (4-Acetamidobenzylidene) -6- ( 4 -f luorobenzylidene) - 
2, 5-piperazinedione (compound 72) 
25 (3Z , 6Z) -6- (Benzylidene) -3- (2 , 4-dif luorobenzylidene) -2 , 5- 
piperazinedione (compound 76) 
(3Z,6Z)-6-(4 -Acetamidobenzy 1 idene ) -3 - ( 2 - 

trif luoromethylbenzylidene) -2 , 5-piperazinedione (compound 
78) 

30 (3Z, 6Z) -6-(4-Acetamidobenzylidene) -3- (2-bromobenzylidene) - 
2 , 5-piperazinedione (compound 79) 
(3Z, 6Z) -3-(4-Acetamidobenzylidene) -6-(4- 

trimethylacetoxybenzyl idene) -2 , 5-piperazinedione (compound 
82) 

35 ( 3Z , 6Z) -3- (4-Acetamidobenzylidene) -6- (4- 

dimethylaminobenzylidene) -2 , 5-piperazinedione (compound 86) 
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(3Z , 6Z) -3 - (4-Acetainidoben2ylidene) -6- 

butoxycarbonylaminomethylbenzylidene) -2 , 5-piperazinedione 
(compound 68) 

Compounds of formula A, both known and novel, may be 
5 prepared by a process which comprises either (i) condensing 
compound of formula (I) 

n R, 



10 




(I) 



AcN^ 

0 "6 

Wherein to R^^ are as defined above and are optionally 
protected, with a compound of formula (II) : 

CHO 



15 




(II) 



wherein to R5 are defined above and are optionally 
20 protected, in the presence of a base in an organic solvent; 
or (ii) condensing a compound of formula (I'): 



25 




NAc 



(I') 



wherein R^ to R^ are as defined above and are optionally 
protected, with a compound of formula (III) : 



30 



(III) 



35 wherein R^ to R^q are as defined above and are optionally 

protected, in the presence of a base in an organic solvent? 
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and, in either case (i) or (ii) , if required, removing 
optionally present protecting groups and/or, if desired, 
converting one compound of formula A into another compound 
of formula A, and/or, if desired, converting a compound of 
5 formula A into a pharmaceutically acceptable salt or ester 
thereof, and/ or, if desired, converting a salt or ester 
into a free compound, and/or, if desired, separating a 
mixture of isomers of compounds of formula A into the 
single isomers. 

10 A compound of formula A produced directly by the 

condensation reaction between (I) and (II) or (I') and 
(III) may be modified, if desired, by converting one or 
more of groups to R,^ into different groups R, to R,^. 
These optional conversions may be carried out by methods 

15 known in themselves. For example, a compound of formula A 
in which one or more of R, to R,^ is an ester group may be 
converted to a compound of formula A wherein the 
corresponding substituent is a free -COOH group, by acid or 
alkaline hydrolysis at a suitable temperature, for example 

20 from 2unbient temperature to lOO'C. 

A compound of formula A in which one or more of R, to 
R,o is a -CO2H group may be converted into a compound of 
formula A wherein the corresponding substituent is 
esterified by esterif ication, for example by treating the 

25 carboxylic acid with a suitable q-C^ alkyl alcohol in the 
presence of 1, 3-dicyclohexylcarbodiimide in an inert 
solvent . 

A compound of formula A in which one or more of R, to 
Rio is a free -COjH group may be converted into a compound 
30 of formula A in which the corresponding substituent is a 
group -CON(r"r") , wherein and R^^ ^^.^ defined above, 
for example by treatment with ammonia or an amine in the 
presence of 1, 3-dicyclohexylcarbodiimide in an inert 
solvent. 

A compound of formula A in which one or more of R, to 
Rio is a free -CO2H group may be converted into a compound 
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of formula A wherein the corresponding substituent is a 
-CHjOH group by reduction, for example using borane in a 
suitable solvent such as tetrahydrofuran. 

A compound of formula A in which one or more of to 
5 is a nitro group may be converted into a compound of 

formula A in which the corresponding substituent is an 
amino group by reduction under standard conditions, for 
example by catalytic hydrogenation . 

Protecting groups for R, to R^^ in any of the 

10 compounds of formulae (I), (ii) and (III) are 

optionally introduced prior to step (i) or step (ii) when 
any of groups R, to R^^ are groups which are sensitive to 
the condensation reaction conditions or incompatible with 
the condensation reaction, for example a -COOH, -CHjOH or 

15 amino group. The protecting groups are then removed at the 
end of the process. Any conventional protecting group 
suitable for the group R^ to R,q in question may be 
employed, and may be introduced and subsequently removed by 
well-known standard methods. 

20 The condensation reaction between compounds (I) and 

(II) or (I') and (III) is suitably performed in the 
presence of a base which is potassium t-butoxide, sodium 
hydride, potassium carbonate, sodium carbonate, caesium 
carbonate, sodium acetate, potassixim fluoride on alumina, 

25 or triethylamine in a solvent such as dimethylf ormamide, or 
in the presence of potassium t-butoxide in t-butanol or a 
mixture of t-butanol and dimethylf ormamide. The reaction 
is typically performed at a temperature from O'C to the 
reflux temperature of the solvent. 

30 The compounds of formula (I) may be prepared by a 

process comprising reacting 1 , 4-diacetyl-2 , 5- 
piperazinedione with a compound of formula (III) as defined 
above, in the presence of a base in an organic solvent. 
Similarly, the compounds of formula (I') may be prepared by 

35 a process which comprises reacting l,4-diacetyl-2,5- 

piperazinedione with a compound of formula (II) as defined 
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above, in the presence of a base in an organic solvent. 

If necessary, the resulting compound of formula (I) 
or (I') can be separated from other reaction products by 
chromatography . 

5 The reaction of 1, 4-diacetyl-2 , S-piperazinedione with 

the compound of formula (III) or (II) is suitably performed 
under the same conditions as described above for the 
condensation between compounds (I) and (II), or (I') and 
(III). 

10 The substituted benzaldehydes of formulae (II) and 

(III) are known compounds or can be prepared from readily 
available starting materials by conventional methods. The 

1. 4- diacetyl-2 , 5-piperazinedione used as a starting 
material in the preparation of compounds of formula (I) may 

15 be prepared by treating 2 , 5-piperazinedione (glycine 

anhydride) with an acetylating agent- The acetylation may 
be performed using any conventional acetylating agent, for 
example acetic anhydride under reflux or, alternatively, 
acetic anhydride at a temperature below reflux in the 

20 presence of 4-dimethylaminopyridine. 

Compounds of formula (I) may also be prepared by the 
microwave irradiation of a mixture comprising 1, 4-diacetyl- 

2.5- piperazinedione, a compound of formula (III) and 
potassium fluoride on alumina (as base) in the absence of 

25 solvent. 

Compounds of formula (I) may alternatively be 

prepared directly from 2 , 5-piperazinedione (glycine 

anhydride) by a process which comprises treating the 2,5- 

piperazinedione with a mixture comprising a compound of 
30 formula (III) , sodium acetate and acetic anhydride at an 

elevated temperature, for example under reflux. 

Compounds of formula (I') may be prepared by 

analogous processes, replacing compound (III) in each case 

by a compound of formula (II) • 
25 Compounds of formula A may also be prepared by a 

process comprising the microwave irradiation of (i) a 
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mixture comprising a compound of formula (I) as defined 
above, a compound of formula (II) and potassium fluoride on 
alumina, or (ii) a mixture comprising a compound of formula 
(I') a compound of formula (III) and potassiiam fluoride on 
5 alumina, or (iii) a mixture comprising 1 , 4-diacetyl-2 , 5- 
piperazinedione, a compound of formula (II) , a compound of 
formula (III) and potassium fluoride on alumina. The 
irradiation is performed in the absence of a solvent. 
Compounds of formula (A) may also be obtained 

10 directly by a process which comprises condensing together 
l,4-diacetyl-2,5-pipera2inedione, a compound of formula 
(II) and a compound of formula (III) in the presence of a 
base in an organic solvent. Suitable bases, solvents and 
reaction conditions are as described above for the 

15 condensation reaction between, for example, compounds (I) 
and (II) . 

An alternative direct process for the preparation of 
compounds of formula (A) comprises condensing together 2,5- 
piperazinedione, a compound of formula (II) and a compound 
20 of formula (III) in the presence of sodium acetate and 

acetic anhydride at elevated temperature, for example under 
reflux. 

An alternative process for the preparation of 
compounds of formula (I) comprises treating a compound of 
25 formula (V) : 



30 




wherein to R^q are as defined above, X is a halogen and 
R' is a C^-C^ alkyl group, with ammonia followed by acetic 
anhydride . 

35 Compounds of formula (I') may be prepared by an 

analogous process which comprises treating a compound of 
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5 




(V) 



Wherein to R^, x and are as defined above, with 
ammonia followed by acetic anhydride. 

X in formula (V) or (V) is typically iodine. R^ is, 

10 for example, a C,-C^ alkyl group such as a methyl, ethyl, 
propyl, i-propyl, butyl, sec-butyl or tert-butyl group. 

A review of synthetic approaches to unsaturated 3- 
monosubstituted and 3 , 6-disubstituted-2 , 5-piperazinediones 
is provided in Heterocvcles . 1983, 20, 1407 (C.Shin) . 

15 Compounds of formula (A) may be converted into 

pharmaceutically acceptable salts, and salts may be 
converted into the free compound, by conventional methods. 
Suitable salts include salts with pharmaceutically 
acceptable, inorganic or organic, bases. Examples of 

20 inorganic bases include ammonia and carbonates, hydroxides 
and hydrogen carbonates of group I and group II metals such 
as sodium, potassixim, magnesium and calcium. Examples of 
organic bases include aliphatic and aromatic amines such as 
methylamine, triethy lamine , benzylamine, dibenzylamine or 

25 a- or B-phenylethylamine, and heterocyclic bases such as 
piperidine, 1-methylpiperidine and morpholine. 

Compounds of formula (A) may also be converted into 
pharmaceutically acceptable esters. Suitable esters 
include branched or unbranched, saturated or unsaturated 

3 0 C^-C^ alkyl esters, for example methyl, ethyl and vinyl 
esters . 

Preferred compounds of formula A are depicted by 
means of their subsitution patterns in Table 1 which 
follows. The compound numbering is adhered to in the rest 
35 of the specification. Characterising data for the 
compounds are set out in Table 2 in Example 16. 
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The diketopiperazines of formula (A) , both novel and 
known and their pharmaceutically acceptable salts and 
esters (referred to hereinafter as the "present compounds") 
have utility as inhibitors of PAI. Elevated levels of PAI- 
5 1, by reducing the net endogenous fibrinolytic capacity, 
can contribute to the pathogenesis of various thrombotic 
disorders including myocardial infarction, deep vein 
thrombosis and disseminated intravascular coagulation. The 
present compounds therefore can act as inhibitors of the 
10 tPA/PAI-l interaction. The present compounds can be used 
in the treatment of haemostatic disorders. A human or 
animal, e.g. a mammal, can therefore be treated by a method 
comprising administration of a therapeutically effective 
amount of a diketopiperazine of formula (A) or a 
15 pharmaceutically or veterinarily acceptable salt thereof. 
Tissue plasminogen activator (tPA) is used as a 
fibrinolytic agent in the treatment of thrombotic 
disorders. The efficacy of the tPA in this role may be 
enhanced if it is administered together with a PAI 
20 inhibitor. A human or animal, e.g. a mammal, can therefore 
be treated by a method comprising the combined 
administration of a therapeutically effective amount of tPA 
and a therapeutically effective amount of any one of the 
present compounds. The present invention also provides 
products containing a diketopiperazine of formula (A) or a 
pharmaceutically acceptable salt or ester thereof and tPA 
as a combined preparation for simultaneous, separate or 
sequential use in the treatment of thrombotic disorders, 
for example where there is inappropriate PAI activity. in 
such products the present compound is formulated for oral 
or parenteral (intravenous, intramuscular or subcutaneous) 
administration and the tPA is formulated for intravenous 
administration . 

As one example, during acute myocardial infarction 
35 (MI) one of the present compounds may be administered to a 
patient together with tPA to enhance the efficacy of the 
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tPA treatment. As a further example, early re-occlusion 
following treatment of a patient with tPA may be prevented 
by the post-MI administration of one of the present 
compounds . 

5 The compounds of formula (A) have been tested in a 

PAI functional assay. In this assay, a compound is 
incubated with PAl-l prior to addition to the tPA assay 
system. Inhibition of PAI-1 results in the production of 
plasmin from plasminogen. In turn, plasmin cleaves the 
10 chromogenic substrate S2251 (Kabi Vitrum) producing pNA (p- 
nitroaniline) which is detected spectrophotometrically at 
405 nm (K.Nilsson et aJL» Fibrinolysis (1987) x, 163-168). 
The results of the assay are reported in Example 1 which 
follows. 

15 The present compounds can be administered in a 

variety of dosage forms, for example orally such as in the 
form of tablets, capsules, sugar- or film-coated tablets, 
liquid solutions or suspensions or parenterally , for 
example intramuscularly, intravenously or subcutaneous ly. 

20 The present compounds may therefore be given by injection 
or infusion. 

The dosage depends on a variety of factors including 
the age, weight and condition of the patient and the route 
of administration. Typically, however, the dosage adopted 

25 for each route of administration when a compound of the 

invention is administered alone to adult humans is 0.001 to 
10 mg/kg, most commonly in the range of 0.01 to 5 mg/kg, 
body weight. Such a dosage may be given, for example, from 
1 to 5 times daily by bolus infusion, infusion over several 

30 hours and/or repeated administration. 

When one of the present compounds is administered in 
combination with tPA to adult humans, the dosage adopted 
for each route of administration is typically from O.ool to 
10 mg, more typically o.Ol to 5 mg per kg body weight for a 

35 compound of the invention and from 5 to 500mg administered 
intravenously for the tPA. A suitable dosage regimen for 
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the tPA is 100 mg given intravenously over 3 hours as 
follows: 10% of the total dose as an i.v. bolus over 1-2 
minutes, 50% of the total dose as an infusion over 1 hour, 
4 0% of the total dose as an infusion over the subsequent 2 
5 hours . 

A diketopiperazine of formula (A) or a 
pharmaceutically acceptable salt or ester thereof is 
formulated for use as a pharmaceutical or veterinary 
composition also comprising a pharmaceutically or 
10 veterinarily acceptable carrier or diluent. The 

compositions are typically prepared following conventional 
methods and are administered in a pharmaceutically or 
veterinarily suitable form. An agent for use as an 
inhibitor of PAI comprising any one of the present 
15 compounds is therefore provided. 

For example, the solid oral forms may contain, 
together with the active compound, diluents such as 
lactose, dextrose, saccharose, cellulose, corn starch or 
potato starch; lubricants such as silica, talc, stearic 
acid, magnesium or calcium stearate and/or polyethylene 
glycols; binding agents such as starches, arabic gums, 
gelatin, methylcellulose, carboxymethylcellulose , or 
polyvinyl pyrrolidone; disintegrating agents such as 
starch, alginic acid, alginates or sodium starch glycolate; 
25 effervescing mixtures; dyestuffs, sweeteners; wetting 

agents such as lecithin, polysorbates , lauryl sulphates, 
such preparations may be manufactured in known manners, for 
example by means of mixing, granulating, tabletting, sugar 
coating, or film-coating processes. 
30 Liquid dispersions for oral administration may be 

syrups, emulsions and suspensions. The syrups may contain 
as carrier, for example, saccharose or saccharose with 
glycerol and/or mannitol and/or sorbitol. In particular, a 
syrup for diabetic patients can contain as carriers only 
35 products, for example sorbitol, which do not metabolise to 
glucose or which only metabolise a very small amount to 
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glucose. The suspensions and the emulsions may contain as 
carrier, for example, a natural gum, agar, sodium alginate, 
pectin, methylcellulose, carboxymethylcellulose or 
polyvinyl alcohol. 
5 Suspensions or solutions for intramuscular injections 

may contain, together with the active compound, a 
pharmaceutically acceptable carrier such as sterile water, 
olive oil, ethyl oleate, glycols such as propylene glycol, 
and, if desired, a suitable amount of lidocaine 
10 hydrochloride. Some of the present compounds are insoluble 
in water. A compound may be encapsulated within liposomes. 

The following Examples illustrate the invention: 

15 EXAMPI.E 1 t TESTIMG OF THE PRESEKT 

COMPOPKDS PAT TMHTB-f pFIPg 

Compounds of formula (A) were tested in a PAI 
chromogenic substrate assay. In the first assay 

20 (K.Nilsson, Fibrinolysis (1987) i, 163-168) each compound 
was incubated with PAI-i prior to addition to the tPA assay 
system. Inhibition of PAI-l by the compound of formula 
(Aa) resulted in the production of plasmin from 
plasminogen. In turn, the plasmin cleaved the chromogenic 

25 substrate S2251 (Kabi-Vitrum) producing pNA (p- 

nitroaniline) which was detected spectrophotometrically at 
405 nm. 

The degrees of inhibition observed in the chromogenic 
substrate assay at various concentrations of compounds of 
30 formula (A) are presented in Table 3. 
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CHROMOGEKIG SPBSTRATB xafi>v 



5 


Compound 
No. 




Concentration 


A n ffVfi 






100 


50 


25 








21 


79 


35 


2 


o 

w 


\j 




22 


61 


2 


1 


0 


n 




25 


52 


25 


1 


0 




10 


27 


70 


35 


8 


9 






28 


71 


74 


45 


■A. 


V 




29 


80 


76 


34 


1 
X 


u 




30 


66 


23 


5 


2 






31 


58 


12 


2 


1 




15 


32 


87 


36 


3 


1 






33 


56 


3 


1 


1 


n 




35 


52 


28 


2 








36 


71 


6 


1 








37 


69 


19 


2 






20 


38 


64 


3 


1 


1 


J. 




39 


67 


20 


1 


1 


n 




40 


61 


61 


23 


4 


1 




41 


51 


45 


32 


8 


3 




43 


59 


45 


3 


1 


1 


25 


44 


51 


2 


1 


1 


1 




45 


53 


13 


1 


1 






46 


39 


42 


38 


14 






47 


75 


58 


14 


14 






48 


73 


57 


26 


3 




30 


49 


60 


47 


8 


1 






50 


62 


37 


22 


2 






51 


79 


61 


38 


5 





wo 94/04512 



PCr/GB93/01734 



- 29 - 





52 


68 


45 


15 


2 






53 


55 


32 


9 


2 






54 


50 


0 


1 


0 






55 


65 


43 


11 


1 




5 


56 


82 


60 


15 


2 






57 


82 


72 


38 


2 






58 


60 


31 


1 


1 






59 


71 


76 


60 


19 






60 


62 


52 


25 


1 




10 


61 


83 


88 


69 


26 






62 


83 


33 


13 


36 






63 


69 


70 


44 


36 






66 


85 


70 


46 


2 






67 


53 


60 


46 


2 




15 


68 


63 


89 


67 


37 






69 


68 


40 


14 


3 






70 


94 


78 


21 


4 






73 


50 


3 


1 


2 






75 


59 


52 


33 


6 




20 


76 


66 


75 


50 


5 






77 


33 


66 


80 


€1 


1 
X 




78 


30 


57 


36 


4 






79 


42 


55 


27 


2 


x 




80 


53 


9 


X 


0 




25 


81 


64 


1 


1 


0 






82 


80 


3 


1 


1 






83 


56 


1 


1 


1 






84 


52 


38 


10 


2 


1 




85 


35 


49 


43 


27 


13 


30 


86 


23 


37 


48 


41 


31 




87 


78 


81 


70 


28 


0 




88 


41 


49 


60 


40 


0 



wo 94/04512 



PCT/GB93/01734 



- 30 - 



5 



10 



15 



20 



25 





O J 


55 


66 


40 


7 




/ 3 


85 


33 


6 


0 


7 JL 


D U 


72 


3 


0 


0 




o 6 


44 


38 


12 


17 


93 


Q 1 

7 J. 


68 


39 


7 


2 




31 


62 


83 


76 


43 




69 


71 


45 


16 


10 




•7*7 


75 


47 


29 


5 


97 


0 


24 


73 


0 


0 


27 O 


72 


71 


74 


67 


4 






Concentration 


in 




No. 


£ A 

ou 


30 


15 


7.5 


3*75 


2 3 




17 


0 


0 






D O 


29 


0 


0 


0 


26 


^ / 


71 


73 


42 




34 


•7 O 

/ Z 


77 


76 


24 




42 


D o 


57 


59 


4 


1 


64 


X w u 


87 


63 


17 




71 




64 


51 


1 


1 


72 


76 


75 


18 


1 


2 


Compoxmd 




Concentration 


in Mm 




Mo. 


40 


20 


10 


5 


2.5 


99 


68 


48 


17 


0 


0 


Compound 




Concentration 


in 




Ko. 


100 


50 


25 


12 


6 


3 


86 


74 


53 


40 


14 



EXAMPLE 2 : P KARMACEPTICAL COMPOS ITTOK 

Tablets, each weighing 0.15 g and containing 25 
a compound of the invention can be manufactured as fa 
Composition fo r 10.000 tablets 
compound of the invention (250 g) 
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lactose (800 9) 
com starch (415 g) 
talc powder (30 g) 
magnesiiin s tear ate (5 g) 

The compound of the invention, lactose and half of 
the corn starch are mixed. The mixture is then forced 
through a sieve 0.5 mm mesh size. Com starch (10 g) is 
suspended in warm water (90 ml) . The resulting paste is 
used to granulate the powder. The granulate is dried and 
broken up into small fragments on a sieve of 1.4 mm mesh 
size. The remaining quantity of starch, talc and magnesium 
stearate is added, carefully mixed and processed into 
tablets. 

E3ttMPr.B at PREPARA TION OP f 32 . 6Z> ->3-BENZYLIDEKB- 
6-(4-MBTH03rraENgYLIDEMEl-2 .S-PIPERAZIKEDIOKE f3) fgCWUMTg f) 



20 



25 



30 



(7) 
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(8) 





oMe 



35 



1 . 4-Diacetvl-2 . 5-pipera 7:inedione (8) 

l,4-Diacetyl-2,5-pipera2ine-2,5-dione (8) was 
prepared by the published procedure (S.M. Marcuccio and 
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J. A. Elix, Aus-b. J. Chem . f 1984, 37, 1791). 

f 3Z) -l-Acetvl-a-f A-me-bhovY benzvlidene) -2 . 5-Diperazinedionf» 
(9) 

5 (3Z) -l-Acetyl-3- (4-methoxybenzylidene) -2 , 5- 

piperazinedione (9) was prepared by the published procedure 
(T. Yokoi, L-M. Yang, T. Yokoi, R-Y. Wu, and K-H. Lee, 
An-fcibiot. . 1988, 41, 494). 

10 f 32 . 6Z) -3-Ben?:v1 rdene-fi- M-me-fchoyvbenzvlidene^ -2 . 5- 
pjperazinedione (3) 

A mixture of (3Z) -l-acetyl-3-(4-inethoxybenzylidene) - 
2,5-piperazinedione (9) (l.Og, 3.6inmol), benzaldehyde (430 
Ml/ 4.2 mmol) and triethylamine (1.14 ml), 8.2 mmol) , in 
15 dry DMF (20 ml), was heated at 130 'C for 18h. The reaction 
mixture was cooled to room temperature and poured into 
ethyl acetate (100 ml) . A yellow solid precipitated which 
was filtered off and dried. Yield 360 mg (31%) . 

20 nmr (400 MHz d^-DMSO) : 

S: 3.80 (3H, s, o-Me) ; 6.77 (IH, s, CH=C) ; 

6.78 (IH, s, CH=C) ; 6.98 (2H, d, J=8Hz, 2xC-H on Ar- 
OMe); 7.30-7.56 (7H, m, Ph and 2xC-H on Ar-OMe) ; 
10.15 (2H, br.s, N-H) . 
25 "C nmr (100 MHz d^-DMSO) 

fi: 58.68; 117.66; 118.03; 118.77; 128.11; 128.92; 

129.95; 131.53; 132.11; 132.69; 134.44; 136.59; 
161.39; 161.62; 162.71. 
ms (desorption chemical ionisation, ammonia) : 
30 m/z (% relative intensity) : 321 (100) MH*. 
ir : KBr (diffuse reflectance) : 
V max (cm"') : 1620, 1700, 3100, 3220. 
Elemental analysis: 

Calculated for C^^^^u^o^: C 71.24, H 5.03, N 8.74. 
35 Found: C 70.92, H 5.02, N 8.80. 

C 70.89, H 5.06, N 8.79% 
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EXAMPLE 4; PREPARATIOK OF r 3 g . 62 > -3-BEN2YI.TDBWP 
-6- (4-METHOXYBKW2YLIDENEt . 1-METHYI.-? . S-PTPERA^tlNEDTOWB 

(SCHEME 2) 

5 




(16) (17) 




Compound 16 is treated with ammonia and subsequently 
25 with acetic anhydride to yield l-acetyl-3- 
benzylidenepiperazine-2 , 5-dione ( 18 ) . 

Compound 18 is then condensed, in the presence of 
caesium carbonate or triethylamine in DMF, with 4- 
methoxybenzaldehyde to yield compound 3. 

Reference Example l; Preparation of i-;»cetvl--^- 

benzvlidene~2 . s-piper,i^.i pedione 



5 



l,4-Diacetyl-2,5-pipera2inedione (25. Og, 12 6 mmol) , 
which is compound (8) mentioned in Example 3, was heated' at 
120-130-C in DMF (200 ml) with triethylamine (17.6 ml, 126 
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mmol) and benzaldehyde (13.0 ml, 126 mmol) , After 4 h the 
mixture was cooled to room temperature and poured into 
EtOAc (1000 ml), and washed three times with brine. Any 
solid formed at this stage was filtered off. The filtrate 
5 was dried (MgSO^) and the solvent removed in vacuo. The 
residue was recrystallised from EtOAc:Hexane to give 11.78 
g (38%) of the title compound as a yellow solid. 

NMR (CDCI3 400 MHz) 5=2.69 (3H, s) 4.54 (2H, 
s) 7.20 (IH, s) 7.40 (3H, m) , 7.48 (2H, m) , 
10 7.93 (IH, br.s) 

MS(DCI,NH3): 262 (MNH^*, 20%), 245 (MH*, 53%), 
220 (52%), 204 (100%), 203 (100%) 



15 
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11.41 
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Exampl e St Preparation of compound 9 6 
20 l-Acetyl-3-benzylidene-2,5-pipera2inedione (one 

equivalent), prepared according to Reference Example 1, was 
treated with 5-(4-formylphenoxy)pentanoic acid, methyl 
ester in the presence of CSgCOj ( 1-1,1 equivalents) in DMF 
at 80-100 'C for 1-8 hours. The title compound was obtained 
25 in 39% yield. 

By the same method, but replacing 5-(4- 
f ormylphenoxy) pentanoic acid, methyl ester (which is 
benzaldehyde substituted at position 4 by -0(CH2)4C02Me) by 
the appropriately substituted benzaldehyde, the following 
30 compounds were prepared: 



35 
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10 Characterising data for the compounds are set out in 

Example 16. 



15 



20 



Example 6» Preparation of CompouBd ?i 

1-Acety 1-3 -benzyl idene-2 , 5-pipera2inedione (one 
equivalent) , prepared according to Reference Example 1, was 
treated with 3-acetoxyben2aldehyde (one equivalent) in the 
presence of triethylamine (1-2 equivalents) in DMF at 130 'C 
for 2-6 hours. The title compound was obtained in 61% 
yield. 

By the same method, but replacing 3- 
acetoxybenzaldehyde by the appropriately substituted 
benzaldehyde, the following compounds were prepared: 



Compound 


Yield (%) 


23 


16 


24 


43 


32 


41 


65 


27 


74 


77 


i 105 


50 



25 



30 



Characterising data are provided in Example 16. 

Example 7; Preparation ef compound 103 

3 5 l-Acetyl-3 - ( 4 -methoxybenzy 1 idene ) -2 , 5-piperaz inedione 

(1 equivalent), which is compound (9) mentioned in Example 
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3, was treated with 2-f luorobenzaldehyde (1 equivalent) in 
the presence of Cs^CO^ (1-1.1 equivalents) in DMF at 80- 
100 "^C for 1-6 hours. The title compound was obtained in 
69% yield. 

5 By the same method, but replacing the 2- 

fluorobenz aldehyde by the appropriately substituted 
benzaldehyde with the exception of compound 84 which was 
prepared by condensation with 4-acetoxy-2- 

chlorobenzaldehyde, the following compounds were prepared: 

10 



15 



Compound 


Yield (%) 




Compound 


Yield (%) 


26 


80 




63 


71 


29 


70 




69 


20 


37 


21 




70 


10 


41 


34 




73 


38 


46 


16 




80 


45 


47 


46 




81 


5 


49 


60 




83 


41 


50 


56 




84 


Low 


53 


77 




87 


33 


57 


49 




91 


74 


60 


71 




100 


20 








103 


69 



Characterising data are provided in Example 16. 



Ry^Tnpio ftf Preparation of compound 28 

l-Acetyl-3- (4-methoxybenzylidene) -2 , 5-piperazinedione 
(1 equivalent), compound (9) in Example 3, was treated with 
30 2 -nitrobenz aldehyde (1 equivalent) in triethylamine (1-2 
equivalents) and DMF at 130*0 for 2-6 hours. The title 
compound was obtained in 45% yield. Characterising data 
are set out in Example 16. 
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Reference Example 2; Preparaii ion of i-acetvl^a- r4- 
Ae«i^»m■ ^dobenzvlidene) * 5" 
piperazinedione 

1, 4-Diacetyl-2 , 5-piperazinedione (10. Og, 50 mmol) , 
5 prepared by the published procedure mentioned in Example 3, 
was stirred in DMF (40 ml) with 4-acetamidobenzaldehyde 
(8.24 g, 50 mmol) and triethylamine (7 ml, 50 mmol) and 
heated to 120 "C. After 2^ h the mixture was cooled to room 
temperature, diluted with EtOAc (100 ml) and stirred 
10 overnight. The solid formed was collected, washed with 
EtOAc and dried to give 8.46 g (56%) of a yellow solid. 

NMR (CDCI3+TFA, 400 MHz) 5=2.32 (3H, s) 2.72 (3H, s) 
4.68 (2H, s) 7.36 (IH, s) 7.45 (2H, d, J=8Hz) 7.60 (2H, d, 
15 J=8HZ) 



20 



Mieroanalysis 


c 


H 


N 


Calc 


59.80 


5.02 


13.95 


Found 


60.08 


5.09 


13.89 




60. 11 


5.07 


13 .86 



gyampi^ Q« Preparation of Compound 77 

l-Acetyl-3- (4-acetamidobenzylidene) -2 , 5- 
piperazinedione (1 equivalent), prepared according to 
25 Reference Example 2, was treated with 2,4- 

difluorobenzaldehyde (1 equivalent) in the presence of 
CSjCOj (1-1.1 equivalents) in DMF at 80-100*C for 1-6 
hours. The title compound was obtained in 60% yield. 
By the same method, but replacing 2,4- 
3 0 difluorobenzaldehyde by the appropriately sxibstituted 
benzaldehyde , the following compounds were obtained: 



Compound 


Yield (%) 




Compound 


Yield (%) 


42 


50 




40 


40 


68 


26 




58 


22 


72 


41 




71 


36 
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79 


11 




78 


16 


92 


68 




82 


16 



Characterising data are set out in Example 16* 

5 

RMwipio 1ft f Preparation ot compound 22 

l,4-Diacetyl-2 ,5-pipera2inedione (l equivalent), 
prepared by the published procedure mentioned in Example 3, 
was treated with benzaldehyde (2*1 equivalents) in the 
10 presence of triethylamine (2,5 equivalents) in DMF at 130 
for 8 hours. The title compound was obtained in 89% yield. 
Characterising data are set out in Example 16. 

Riratnpi o n » Preparation of compound 35 

15 l/4-Diacetyl-2,5-piperazinedione (1 equivalent), 

prepared by the published procedure mentioned in Example 3, 
was treated with 3-nitroben2aldehyde (1 equivalent) in the 
presence of triethylamine (1 equivalent) in DMF at room 
temperature for 18-20 hrs. The title compound was obtained 
20 in 9% yield together with l-acetyl-3-(3-nitrobenzylidene) - 
2, S-piperazinedione (66% yield). Characterising data are 
set out in Example 16. 

Reference Ryfitn pie 3; Preparation of l-acetvl->3- (4-N.N- 
25 dimethy '' ^^ benzvlidine) -2 . 5- 

piperazinedione 
lr4-Diacetyl-2,5-piperazinedione, (1 equivalent), 
prepared as described in Example 3, was treated with 4-N,N- 
dimethylaminobenzaldehyde (1 equivalent) in the presence of 
30 EtjN in DMF at 130 'C for 24 hrs. The title compound was 
obtained in 18% yield 

Tgyaiwpio T*>* Preparation of Compound 86 

l-Acetyl-3- (4-dimethylaminoben2ylidene) -2 , 5- 
3 5 piperazinedione (1 equivalent) as described in Reference 
Example 3 was treated with 4-acetamidoben2aldehyde (1 
equivalent) in the presence of CS3CO3 (1 equivalent) in DMF 
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at 80 -C for 2-6 hours. The title compound was obtained in 
56% yield. Characterising data are set out in Example 16. 



5 Example 13; iBterconveraions of eompounds of formula 

h 

(i) Compound 31, prepared as described in Example 6, was 
treated with aqueous lithium hydroxide in a mixture of MeOH 
and THF at room temperature for 2-3 hrs to give compound 3 3 

10 in 91% yield. 

(ii) Compound 61, prepared as described in Example 5, was 
treated with aqueous lithium hydroxide in a mixture of MeOH 
and THF at room temperature for 3 hours to give compound 64 
in 57% yield. 

15 (iii) Compound 96, prepared as described in Example 5, was 
treated with aqueous sodium hydroxide in THF at room 
temperature for 4 hours to give compound 97 in 54% yield, 
(iv) Compound 37, prepared as described in Example 7, was 
treated with aqueous sodium hydroxide in THF at room 

2 0 temperature for 8 hrs to give compound 3 6 in 3 0% yield. 

(V) Compound 56, prepared as described in Example 7, was 
treated with trif luoroacetic acid in CH^Cl^ at room 
temperature for 12 hrs to give compound 67 in 96% yield. 

(vi) Compound 87, prepared as described in Example 7, was 
25 treated with aqueous sodium hydroxide in THF at room 

temperature for 4 hours to give compound 88 in 69% yield. 

(vii) Compound 65, prepared as described in Example 6 was 
hydrogenated over 10% palladium on carbon as catalyst in 
CH2CI2 in the presence of a few drops of trif luoroacetic 

30 acid to give compound 39 in 38% yield. Under the same 

conditions of hydrogenation compound 74 was converted into 
compound 3 0 in 95% yield. 

(viii) Compound 93, prepared as described in Example 5, was 
hydrolysed by treatment with aqueous sodium hydroxide in a 

35 mixture of MeOH and THF at room temperature for 18 hours to 
give compound 101 in 72% yield. 

(ix) Compound 56, prepared as described in Example 9, was 
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hydrolysed by treatment with aqueous sodium hydroxide in 
THF at room temperature for 3 hours to give compound 104 in 
90% yield. 

Characterising data for all compounds prepared in 
5 this Example are provided in Example 16. 

Example _l4l Preparation of Compomid 27 

l-Acetyl-3- (4-methoxybenzylidene) -2 , 5- 
piperazinedione (1 equivalent), compound (9) in Example 3, 
10 was treated with 2-naphthaldehyde (1 equivalent) in the 
presence of CSjCOj (1.0-1.1 equivalents) in DMF at 80-100 
for 1-6 hours. The title compound was obtained in 84% 
yield. 

Characterising data are provided in Example 16. 

15 

Example 15; Preparation of Salts 

Compound 98, the hydrochloride salt of compound 102, 
was prepared by treatment of a solution of compound 102 in 
THF with 2 molar hydrochloric acid followed by sonication 
20 until a clear solution was obtained. The solvent was then 
removed in vacuo and the residual solution was freeze-dried 
to give compound 98. 

Compound 99 was prepared by bubbling HCl gas through 
a solution of the corresponding free base in THF, followed 
25 by evaporation to dryness. 

Characterising data are provided in Example 16. 

iRyniTipi ft 1 g « Characterization of compounds of formula A 

The compounds prepared in the preceding Examples, 
30 were characterised by mass spectroscopic, microanalytical , 
proton nuclear magnetic resonance and, in some cases, 
infra-red techniques. The results are set out in Table 2: 
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CIAIMS 

1. A diketopiperazine of formula (A) : 

0 R9 




(A) 



wherein each of R, to R^^, which may be the same or 
different, is independently selected from hydrogen, C,-C^ 
alkyl unsubstituted or substituted by one or more halogen 
15 atoms, C^-C^ alkoxy, C,-C^ alkylthio, halogen, hydroxy, 
nitro, optionally substituted phenyl, -cyano, -CHjOH, 
-CHjCOOH, -CO2R", -NHCOR", -NHSO2R", -SOjR", -CON(R"r12j ^ 
-SOR", -S02N(R"r12) , -N(R"r12), -0(CH2)„N(r11r12), 
-0(CH2)„C02R", -OCOR", -CH20C0R'\ -CH2NHC0R^\ -CHjNHCOOR", 
-CHjSR", -CH2SC0R'\ -CH2S(0)„r" wherein m is 1 or 2 , 
-CH2NHCO(CH2)„C02R^S -N(r")C0R12, -NHCOCF3, "NHCO (CHj) ^COjR" , 
-NHCO(CH2)„OCOR^i and -NHCO (CHj) „or" wherein n is o or is an 
integer of from 1 to 6, each of r" and R^^ independently 
H or alkyl and r" is 0,-0^ alkyl; or any of R, and R2, 

25 Rj and R3, R3 and R^ and R^ and R5, or R^ and R^., r^ and Rg, R^ 
and R9 and R, and R,o, form together with the carbon atoms 
to which they are attached a benzene ring which is 
optionally substituted? or a pharmaceutically acceptable 
salt or ester thereof; with the exception of compounds 
30 wherein: 

(i) each of R, to R^j, is H; 

(ii) R, and R^ are both CI and the rest of to R^j, 
are H; Rj and R^. are both Cl and the rest of R^ to R^^ are H; 
Rj and Rg are both Me and the rest of R, to R,^ are H; R^, 

35 R5, R7 and R,o are all Me and the rest of R, to R^^ are H; 

R3, R4, Rj, Rg and R, are all OMe and R,, R5, R^ and R^^ are H; 

(iii) Rg is OMe and the rest of R, to R^^ are H; and 
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(iv) 3-p-nitrobenzylidene-6-benzylidene-2 , 5- 
piperazinedione and 3 , 6-di-p-nit:robenzylidene-2 , 5- 
piperaz inedione . 

2. A compound according to claim 1 wherein one of 
5 to is selected from halogen, alkoxy and -NHCOR^^ and 

the other four of R^ to R^^ are H. 

3. A compound according to claim 2 wherein R® is 
selected from halogen, alkoxy and -NHCOR^^ and R^, R^, R^ and 
R^Q are H. 

10 4, A compound according to any one of the 

preceding claims wherein R^ and Rj are independently H, 
nitro or halogen; R3 is H, hydroxy, -0(CH2)nN(R^^R^2j ^ 
-OCOR", -0(CH2)„C02R^\ -CH2NHC0(CH2)„C02R^\ C^-C^ alkoxy, 
-NHCO(CH2)„Or1\ -NHC0(CH2)0C0R^\ -N(R"r12), -CH2NHCO2R", 

15 -CHjSR^i or NHCOR^^ R^ is H, halogen, C,-C^ alkoxy, 

-CH2SC0R^\ CHjSR^^ or -C02R^^ and R5 is H, nitro or halogen. 

5. A compound according to any one of claims 1 to 
3 wherein and R3, R3 and R^, or R^ and R5 form, together 
with the carbon atoms to which they are attached, an 

20 optionally substituted benzene ring. 

6. A compound according to any one of claims 1 to 
3 wherein Rg is -NHAc wherein Ac is acetyl, R^ is H or 
halogen; Rj is H, R3 is halogen, C,-c^ alkoxy, -N(R^^R^2j 
-NHCOOR"; R^ is H,; R5 is halogen or CF3; and R^, R^, R^ and 

25 R^p are H. 

7. A compound according to any one of claims 1 to 
3 wherein R^ is OMe, R^ is H, nitro or halogen; Rg is H; R3 
is H, hydroxy, -0C0r1\ -NHC0(CH2)„0C0R^^ or -NHC0CH20R^^• or 
R2 and R3 form, together with the carbon atoms to which 

3 0 they are attached, a benzene ring; R^ is H; R5 is H or 
halogen; and R^, R^, R^ and R^^ are H. 

8. A compound according to any one of claims 1 to 
3 wherein R,, R^, R^, r^, r^ and R^^ are H; R2 is H and R3 is 
-CH2SR^\ -CH2SCOR", -NHCO{CH2)„C02R^\ ~0 ( CH2) ^C02R^\ 

35 -0(CH2)r,N(R^^Rl2) , or -N(r1^R^2j -CH2SCOR^3 or 

-CHjSR^^ and R^ is H; and R^ and R5 are both H or form, 
together with the carbon atoms to which they are attached, 
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a benzene ring. 

9. A compound according to claim 1 selected from 

(3Z , 6Z , ) -3-benylidene-6- (4-methoxybenzylidene) -2 , 5- 
piperaz inedione 

5 (3Z , 6Z) -6-Benzylidene-3- (2 , 6-dichlorobenzylidene) -2 , 5- 
piperaz inedione 

(3Z , 6Z) -3- (4-Acetoxybenzylidene) -6 -benzyl idene-2 , 5- 
piperaz inedione 

( 32 , 6Z) -6-Benzylidene-3- (4-nitrobenzylidene) -2 , 5- 
10 piperazinedione 

3,6-Dibenzylidene-2,5-piperazinedione (mixture of isomers) 
(3Z , 6Z) -6-Benzylidene-3- (3-nitrobenzylidene) -2 , 5- 
piperaz inedione 

(3Z , 6Z) -6-Benzylidene-3- (2-nitrobenzylidene) -2 , 5- 
15 piperaz inedione 

(3Z , 62) -6-Benzylidene-3- (4-ethoxybenzylidene) -2 , 5- 
piperaz inedione 

(3Z , 6Z) -6-Benzylidene-3- (4-cyanobenzylidene) -2 , 5- 
piperaz inedione 

20 (3Z , 62) -3- (4-Aminobenzylidene) -6-benzylidene-2 , 5- 
piperaz inedione 

(32,6Z)-3-(3 -Acetoxybenzy 1 idene ) - 6 -benzyl idene-2 , 5 - 
p iper a z inedione 

(32 , 62) -3- (2-Acetoxybenzylidene) -6-benzylidene-2 , 5- 

2 5 piperaz inedione 

(32 , 62) -6-Benzylidene-3- ( 3-hydroxybenzylidene) -2 , 5- 
p iper a z ined ione 

(32 , 62 ) -3- (4-Acetamidobenzylidene) -6-benzylidene-2 , 5- 
piperaz inedione 

30 (3Z , 62) -3- (2-Acetamidobenzylidene) -6-benzylidene-2 , 5- 
piperaz inedione 

(3Z , 6Z) -3- (2-Aminobenzylidene) -6-benzylidene-2 , 5- 
piperaz inedione 

(3Z , 6Z) -3- (4-Acetoxymethylbenzylidene) -6-benzylidene-2 , 5- 

3 5 piperaz inedione 

(3Z , 6Z) -3- (4-Acetamidomethylbenzylidene) -6-benzylidene-2 , 5- 
piperaz inedione 
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(3Z , 62) -3 , 6-Dibenzylidene-2 , S-piperazinedione 

(3Z , 6Z) -6-Ben2ylidene-3- (4-butoxyben2ylidene) -2 , 5- 

piperaz inedione 

(3Z , 6Z) -6-Benzylidene-3- {4-tert-butylbenzylidene) -2 , 5- 
5 piperaz inedione 

(3Z , 6Z) -6-Benzylidene-3- (4-isopropoxyben2ylidene) -2 , 5- 
p iper a z i ned i one 

(3Z , 6Z) -6-Ben2ylidene-3- (2 , 4-dif luorobenzylidene) -2 , 5- 
piperaz inedione 

10 (3Z , 6Z) -6-Benzylidene-3- (2-bromobenzylidene) -2,5- 
piperaz inedione 

(3Z , 6Z) -6-Ben2ylidene-3- (4-xnethylthioinet:hylbenzylidene) - 
2 , 5-piperazinedione 

(3Z , 6Z) -6-Ben2ylidene-3- (3-thioacetoxyinethylbenzylidene) - 
15 2 , 5 -piperaz inedione 

3- ( (3Z , 6Z ) -6-Benzylidene-2 , 5-dioxopiperazin-3- 
ylidene)methylbenzoic acid, methyl ester 

(3Z , 6Z) -6-Benzylidene-3- (3-3nercaptoinethylbenzylidene) -2 , 5- 
piperaz inedione 

20 (3Z, 6Z) -6-Benzylidene-3- M- tert - 

butoxycarbonylaminobenzylidene) -2 , S-piperaz inedione 
(3Z , 6Z) -6-Benzylidene-3- (4- ( 3-N, N-dimethylaminopropoxy) 
benzylidene) -2 , 5-piperazinedione 

(3Z , 6Z) -6-Benzylidene-3- (4-thioacetoxyinethylbenzylidene) - 
25 2, 5-piperazinedione 

(3Z, 6Z) -6-Benzylidene-3- (2-chloro-4-hydroxybenzylidene) - 
2 , 5-piperazinedione 

(3Z , 6Z) -6-Benzylidene-3- (3 , 4-dimethoxybenzylidene) -2 , 5- 
piperaz inedione 

30 4- [ (3Z , 6Z) -6-Benzylidene-2 , 5-dioxopipera2in-3- 
ylidene]methylphenoxyacetic acid, methyl ester 

4- (4- [ (3Z , 6Z ) -6-Benzylidene-2 , 5-dioxopiperazin-3- 
ylidene]methylbenzylcarbamoyl) butanoic acid, methyl ester 

4- ( 4- ( ( 3Z , 6Z ) -6-Ben2ylidene-2 , 5-dioxopiperazin-3- 

35 ylidene)methylbenzylcarbamoyl)pentanoic acid, methyl ester 

5- [4- ( (3Z , 6Z) -6-Benzylidene-2 , 5-dioxopipera2in-3- 
ylidene)methylphenoxy]pentanoic acid, methyl ester 
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5-[4-( (3Z , 6Z) -6-Benzylidene-2 ,5-dioxopiperazin-3- 
y 1 idene ) methyl phenoxy ] pentano ic acid 

(3Z, 6Z) -6-Benzylidene-3-(4-{2-N,li- 

dimethylaminoethoxy) benzylidene) -2 , 5-piperazinedione, 
hydrochloride 

(3Z, 6Z) -6-Benzylidene-3-{4-(2-N,H- 
dilnethylaminoet:hoxy) benzylidene) -2 , 5-piperazinedione 
4- [ (3Z , 6Z) -6-Benzylidene-2 , 5-dioxopiperazin-3- 
yl idene ]iaethylphenoxyacetic acid 
(3Z, 6Z) -3-(4-Acetainidobenzylidene) -6-(4- 
methoxybenzyl idene) -2 , 5-piperazinedione 

(3Z , 6Z) -6- (4 -Methoxybenzyl idene) -3- (2-nitrobenzylidene) - 
2 , 5-piperazinedione 

(3Z , 6Z) -3- (2 , 6-Dichlorobenzylidene) -6- (4- 
methoxybenzyl idene) -2 , 5-piperazinedione 

(3Z , 6Z) -3- (4-Hydroxybenzylidene) -6- (4 -methoxybenzyl idene) - 
2 f 5-piperazinedione 

(3Z , 6Z) -3- (4-Acetoxybenzylidene) -6- (4 -methoxybenzyl idene) - 
2 , 5-piperazinedione 

(3Z , 6Z) -3- (4-Methoxybenzylidene) -6- (4-N- 
methylacetamidobenzylidene) -2 , 5-piperazinedione 
(3Z, 6Z) -3- (4-Methoxybenzylidene) -6-(4- 
methylsulf onylbenzylidene) -2 , 5-piperazinedione 
(3Z, 6Z) -3-(4-Butoxybenzylidene) -6- (4 -methoxybenzyl idene) - 
2 , 5-piperazinedione 

(3Z , 6Z ) -3- (4-isopropoxybenzylidene) -6- (4- 
methoxybenzylidene) -2 , 5-piperazinedione 
(3Z,6Z)-3-(4 -methoxybenzyl idene ) -6- ( 4 - tert - 
butylbenzyl idene) -2 , 5-piperazinedione 

(3Z , 6Z) -3- (2-Bromobenzylidene) -6- (4 -methoxybenzyl idene) - 
2 , 5-piperazinedione 

( 3 Z , 6 Z ) - ( 4 -Methoxybenzyl idene ) - 6 - ( 4 - tert - 

butoxycarbonylaminomethylbenzyl idene) -2 , 5-piperazinedione 
(3Z, 6Z) -3- (4-Methoxy benzylidene) -6- (4- 
methylthiomethylbenzylidene) -2 , 5-piperazinedione 
(3Z,6Z)-3-(4 -Methoxyben z y 1 idene ) - 6 - ( 4 - 
methylsulfonylmethylbenzyl idene) -2 , 5-piperazinedione 
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( 3Z , 6Z ) -3- ( 4-Methoxybenzylidene) -6- ( 3 - 
thioacetoxymethylbenzylidene) -2 , 5-piperazinedione 

(32 , 62) -3- (4-Aminomethylben2ylidene) -6-(4- 
methoxybenzylidene) -2 , 5-piperazinedione 

(32,6Z)-3-(2,4-Di f luor obenzy 1 idene ) -6- ( 4 - 
methoxybenzylidene) -2 , 5-piperazinedione 

(32,6Z)-3-(4 -Methoxyben zy 1 idene ) -6 - ( 2 - 
trifluoromethylbenzyl idene) -2 , 5-piperazinedione 

(3Z,6Z)-3-(2, 4-Dimethoxybenzy 1 idene ) -6- ( 4 - 
methoxybenzylidene) -2 , 5-piperazinedione 

4-[ (32 , 62) -6- (4 -Methoxybenzylidene) -2 , 5-dioxopiperazin-3- 
yl idene] methylbenz amide 

(32,62)-3-(4 -Methoxybenzy 1 idene ) -6- ( 4 - 
trimethylacetoxybenzyl idene) -2 , 5-piperazinedione 

( 32 , 62) -3- (4-Methoxybenzylidene) -6- (4- 
methoxycarbonylaminobenzylidene) -2 r 5-piperazinedione 

(3Z,62)-3-(2 -Chloro-4 -hydroxy benzyl idene ) -6- ( 4 - 
methoxybenzylidene) -2 , 5-piperazinedione 

(32,62)-3-(4 -Acet oxyacety 1 aminobenzy 1 idene ) -6 - ( 4 - 
methoxybenzylidene) -2 , 5-piperazinedione 

(32, 62) -3-(3,4-Dimethoxybenzylidene) -6-(4- 
methoxybenzyl idene) -2 , 5-piperazinedione 

4-( (32, 62) -6- (4 -Methoxybenzylidene) -2 , 5-dioxopiperazin-3- 

ylidene)-4-methylbenzylcarbamoyl)butanoic acid, methyl 
ester 

(32 , 62) -3- (4-Methoxybenzylidene) -6- (2-naphthylmethylene) - 
2 , 5-piperazinedione 

(32 , 62) -3- (4-Hydroxyacetylaminobenzylidene) -6- (4- 
methoxybenzylidene) -2 , 5-piperazinedione 
(32 , 62) -3- (4-Acetamidobenzylidene) -6-benzylidene-2 , 5- 
piperaz inedione 

(32 , 62) -3 , 6-Di- (3-Nitrobenzylidene) -2 , 5-piperazinedione 
(32 , 6Z) -3- (4-Acetamidobenzylidene) -6- (2 , 6- 
dichlorobenzyl idene) -2 , 5-piperazinedione 

(3Z,6Z)-3-(4 -Acetamidobenzy 1 idene ) - 6- ( 4 -chlorobenzy 1 idene ) - 
2 , 5-piperazinedione 

(3Z,6Z) -3-(4-Acetamidobenzylidene) -6- (4- 
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acetoxymethylbenzylidene) -2 , 5-piperazinedione 

(3Z, 6Z) -3-{4-Acet:ainidobenzylidene) -6- (2-f luorobenzylidene) - 

2 , 5-piperazinedione 

(3Z , 6Z) -3-(4-Acetamidobenzylidene) -6-(4-f luorobenzylidene) - 
5 2, 5-piperazinedione 

(3Z , 6Z) -6- (Benzyl idene) -3- (2 , 4 -dif luorobenzylidene) -2 , 5- 
piperazinedione 

(3Z , 6Z) -6- (4-Acetaiaidobenzylidene) -3- (2- 
trifluoromethylbenzyl idene) -2 , 5-piperazinedione 
10 (3Z , 6Z) -6- (4-Acetamidoben2ylidene) -3- (2-broinobenzylidene) - 
2 , 5-piperazinedione 

(3Z, 6Z) -3-(4-Acetamidobenzylidene)-6-(4- 
trimethylacetoxybenzyl idene) -2 , 5-piperazinedione 
(3Z,6Z)-3-(4 -Acetamidobenzy 1 idene ) -6 - ( 4 - 
15 dimethylaminobenzylidene) -2 , 5-piperazinedione ; and 
(3Z , 6Z) -3- (4 -Acetamidobenzy 1 idene) -e-U -terti - 
butoxycarbonylaminomethylbenzyl idene) -2 , 5-piperazinedione 

10. A pharmaceutical or veterinary composition 
comprising a pharmaceutically or veterinarily acceptaUale 

20 carrier or diluent and, as an active principle^ a compound 
as claimed in any one of the preceding claims. 

11. A process for preparing a compound of formula 
(A) as defined in claim 1, the process comprising: 

(a) condensing a compound of formula (I) : 

25 



AcN 



30 




(I) 



Wherein to R^^ are as defined in claim 1 and are 
optionally protected, with a compound of formula (II) : 
35 CHO 




(II) 



«3 



SUBSTITUTE SHEET 



wo 94/04512 



PCr/GB93/0I734 



- 70 - 

Wherein R, to Rj are as defined in claim 1 and are 
optionally protected, in the presence of a base in an 
organic solvent; or 

(b) condensing a compound of formula (I'): 



10 




(I') 



wherein to Rj are as defined in claim l and are 
optionally protected with a compound of formula (III) : 



15 



CHO 



(III) 



20 



Wherein to R,q are as defined in claim 1 and are 
optionally protected, in the presence of a base in an 
organic solvent; and 

25 (c) if required, removing optionally present 

protecting groups, and/or, if desired, converting one 
compound of formula A into another compound of formula A, 
and/or, if desired, converting a compound of formula A into 
a pharmaceutical ly acceptable salt or ester thereof, 

30 and/or, if desired, converting a salt or ester into a free 
compound, and/or, if desired, separating a mixture of 
isomers into the single isomers. 

12. A compound as defined in any one of claims 1 
to 9 for use as an inhibitor of plasminogen activator 

35 inhibitor. 
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Use of a diketopiperazine of formula (A) : 



( 

5 




Wherein each of R, to R,^, which may be the same or 
10 different, is independently selected from hydrogen, C^-C^ 
alkyl unsubstituted or substituted by one or more halogen 
atoms, Ci-C^ alkoxy, C^-c^ alkylthio, halogen, hydroxy, 
nitro, optionally substituted phenyl, cyano, -CHjOH, 
-CHjCOOH, -COjR", -NHCOR", -NHS02R«, -SOjR", -CON(R"r«) , 
15 ~SOR«, -S02N(R"r«), -N(R"r«), -0(CH2)„N(R"r«) , 

-0(CH2)nC02R", -OCOR", -CHgOCOR", -CHjNHCOR" , -CaijNHCOOR" , 

-CH2SR", -cHjSCOR", -cH2S(0)^« Wherein m is l or 2, 

-CH2NHC0(CH2)„C02R", -N(r")C0r12, -NHCOCF3, -NHC0(CH2)„C02R", 
-NHCO(CH2)„OCOr"'^ and -NHCO(CH2) „0R" wherein n is O or an 

20 integer of from 1 to 6, each of r" and r'^ is independently 
H or C,-C^ alkyl and r" is c,-c^ alkyl; or any of R, and Rg, 
Rj and R3, R3 and R^ and R^ and R5, or R^ and R^., R,, and Rg, Rg 
and R, and R, and R^g, form together with the carbon atoms 
to which they are attached a benzene ring which is 

25 optionally sxibstituted ; or a pharmaceutically acceptable 
salt or ester thereof; in the manufacture of a medicament 
for use as an inhibitor of plasminogen activator inhibitor. 

14. Use according to claim 13, wherein the 
compound is a compound as defined in any of claims 1 to 9. 
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